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0 (54) Title: METHOD FOR MANUFACTURING A PRODUCT HAVING LOCALLY SPECIFIC PROPERTIES 



^ (57) Abstract: A method for manufacturing a product having locally specific properties, the geometric form of which is described 

J£? by a collection of polygonal basic figures, in particular in STL (structural triangulation language), comprises the following steps: 

^ selecting from the above basic figures a face part composed of coherent basic figures, adding to that face part at least one specific 

J? property, which during the manufacture of the product is to be given to the part thereof mat comprises the above face part, optionally 
repeating the above process steps for other face parts to be selected, and manufacturing the product on the basis of the then obtained 

Q model information by means of a technique adding material in layers or in a die molding process, which includes giving the associated 

^ specific property during the building up in layers of at least the part of the product that comprises the above face part or during the 

^ injection molding. 
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Title: Method for manufacturing a product having locally specific properties 

The present invention relates to a method for manufacturing a product 
having locally specific properties, the geometric form of which is described 
by a collection of polygonal basic figures, in particular in STL (structural 
triangulation language). 
5 Such products can be manufactured by building up the product in 

layers by using all kinds of techniques adding material in layers, known 
under the designation LMT (layers manufacturing technology) or SFF (solid 
freedom fabrication), such as, for instance, stereolithography and selective 
laser sintering. It is also possible to manufacture such products in a die 
10 molding process, in which connection the term die is also understood to 
mean all types of punches and further tools that are necessary for 
manufacturing specific product forms. When designing and manufacturing 
such products, CAD/CAM systems are often used. It should be noted that a 
product built up in layers may also include a die which, in turn, can be used 
15 for manufacturing a further product having locally specific properties. 
In order to give in these known techniques the product to be 
manufactured a greater flexibility in appearance, material composition 
and/or physical or other properties, the method as described in the opening 
paragraph comprises according to the invention the following steps: 
2 0 selecting from the above basic figures a face part composed of coherent basic 
figures, adding to that face part at least one specific property, which during 
the manufacture of the product is to be given to the part thereof that 
comprises the above face part, optionally repeating the above process steps 
for other face parts to be selected, and manufacturing the product on the 
2 5 basis of the then obtained model information by means of a technique 

adding material in layers or in a die molding process, which includes giving 
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the associated specific property during the building up in layers of at least, 
the part of the product that, comprises the above face part or during the 

injection molding. 

The above specific properties can relate to the color to be given to 
5 specific face parts, the material composition of specific parts of the product 
and/or the physical or other properties of specific parts of the product, such 
as the elasticity, the hardness and the like, or, when the method is used in a 
die molding process, the designation of the part of the product to be 
manufactured in a specific die half. When the product is a die, for instance a 

10 technique adding material in layers can be used for manufacturing parts of 
a die half from different materials. In this manner, different parts of the die 
can be given different properties, such as, for instance, a different heat 
conductivity, or the die can be locally provided with a wear-resistant layer 
in one operating cycle. 

15 Moreover, several properties can be assigned to face parts, for instance 

both a specific material composition and a color. Adding specific properties 
to a face part means both directly assigning specific properties to the basic 
figures of the face part and indirectly assigning specific properties to the 
basic figures of the face part by assigning these properties to the face part, 

2 0 after which they are added to the basic figures which this face part is 
composed of. 

The wall thickness of the face parts which together set up the model is 
zero, for which reason, after one or more specific properties have been given 
to one or more selected face parts, the model information then relating to a 
2 5 shell model (having wall thickness zero) will be converted into model 

information relating to a volumetric model, after which on the basis of the 
latter information the product is manufactured by means of a technique 
adding material in layers. Of course, this measure is not applicable in a die 
molding process. In fact, a CAD model, in which specific properties have 
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boon added to the basic figures, remains a CAD mental that, can be directly 
supplied to a CAM system. 

Selecting face parts can occur by displaying the geometric form of the 
product on the screen of a monitor belonging to a computer, indicating a 
5 polygonal basic figure on the monitor, after which all these basic figures are 
combined with the indicated basic figure to a face part, the normal vectors 
of which mutually or relative to the normal vector of the indicated basic 
figure do not exceed a preset angular difference. 

Adding the face parts of specific properties can occur by selecting a 

10 code from the specific properties stored in code in the memory of a computer 
and adding them to file data belonging to the selected face parts. This code 
can be stored for each of the basic figures in the memory of the computer. 

When the basic figures consist of triangles in STL, the code can be 
stored for each of the triangles in the memory space available in the STL 

15 file of each triangle. The standard available memory space is presently two 
bytes, so that for instance in the memory space available in the STL file of 
each triangle 2 15 color codes can be stored. 

The invention further relates to a computer program used for 
manufacturing a product having locally specific properties, the geometric 

20 form of which is described by a collection of polygonal basic figures, in 
particular in STL (structural triangulation language), which program 
comprises the following steps: selecting from the above basic figures a face 
part composed of coherent basic figures and adding to that face part at least 
one specific property, which during the manufacture of the product is to be 

25 given to the part thereof that comprises the above face part, optionally 
repeating the above process steps for other face parts to be selected. The 
program can be used for manufacturing products both by means of a 
technique adding material in layers and in a die molding process. 
Specifically when using the former techniques, the program is of such 

30 design that, after one or more specific properties have been given to one or 
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10 



more selected face parts, the model information then relating to a shell 
model is converted into model information relating to a volumetric model, 
after which on the basis of the latter information the product can be 
manufactured by means of a technique adding material in layers. 

Finally, the invention relates to a computer system used during the 
manufacture of a product having locally specific properties, the geometric 
form of which is described by a collection of polygonal basic figures, in 
particular in STL (structural triangulation language), which computer 
system uses one of the above systems. 

The invention will now be explained in more detail with reference to 
the accompanying drawing. In this drawing: 

Fig. 1 shows a block-shaped model in STL having in relief thereon a 
letter T to be designed in another color than the block itself; 

Fig. 2 shows a part of the letter T in Fig. 1, but in which the transition 
1 5 from the top face of the letter to the background is not sharp ; and 

Fig. 3 shows a cross-section of the part of the letter T shown in Fig. 2. 
Although a geometric form can be described by a collection of polygonal 
basic figures in general, triangular basic figures will be started from 
hereinbelow, i.e. basic figures in standard STL (structural triangulation 
2 0 language), such as provided by a CAD system, for instance when using a 
"rapid prototyping technique". The STL file comprises a collection of 
triangles, each of which is described by three coordinates and a normal 
vector. Besides, per triangle two bytes are presently standard available for 
additional information. In the example described with reference to Fig. 1 
2 5 this information will consist of a color code. Fig. 1 shows a block-shaped 
model in STL having in relief thereon a letter T to be designed in another 
color than the block itself. In order to be able to give each triangle a color 
code, the object, in this example the block-shaped model of Fig. 1, is 
displayed three-dimensionally on the screen of a monitor belonging to a 
30 computer. Then a triangle, for instance triangle 1, is indicated on the screen 
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with the cursor. This is followed hy automatically selecting all the always 
adjacent triangles that satisfy a preset criterion, that is to say that the 
angle between the normal vectors, also referred to as tolerance angle, of the 
always adjacent triangles must be smaller than a predetermined value. If in 
5 the example described here this tolerance angle is 60°, then, after indication 
of triangle 1, the triangles 2, 3 and 4 will be directly selected. By then 
selecting a desired color from a color code stored in the memory, the 
relevant code is added to the STL files of the triangles 1-4. Then 
background triangle 5 is to be indicated in this example, after which, by 

10 using the same criterion, the triangles 6-16 will be directly selected. 

Moreover, a color code can be added to the STL files of this group. After that 
this process can be repeated until a color code has further been added to the 
STL files of the triangles in all the vertical faces of the model shown in 
Fig. 1. In this manner, groups of triangles, that is to say face parts, are 

15 obtained, of which, for the relevant triangles, a color code is included in the 
STL files. Thus, for instance, the block in Fig. 1 can be given the color 
white, and the letter T provided thereon in relief can be given the color red. 
If in this example a tolerance angle of, for instance, 100° is selected as 
criterion for the vertical faces of the letter T and of the block, then, after a 

2 0 triangle has been indicated in a relevant vertical face, all the triangles in all 
the vertical faces of the letter T or of the block can be selected in one go. 
This, however, is only possible if the face parts already provided with a color 
code are excluded. 

Problems can occur when the transition between two face parts is not 

25 sharp enough. This situation is shown in Figs. 2 and 3. Fig. 2 shows a part 
of the letter T in Fig. 1, but in which the transition from the top face of the 
letter to the background is not sharp, while Fig. 3 shows a cross-section of 
the part of the letter T shown in Fig. 2. In Fig. 2 the triangular structure is 
only shown in one of the transition faces from the upwardly projecting relief 

30 face to the background face. If the tolerance angle between two adjacent 
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triangles is always considered, then, after for instance indicating the upper 
triangle 17, all the triangles in the relevant transition face will be selected 
successively. It is also possible, however, to always compare the normal 
vectors of the relevant, triangles with those of the triangle 17, so that, if an 

5 angle between the normal vectors of for instance 30° is taken as criterion, 
only the upper group of triangles is selected. This can be referred to as a 
relative tolerance angle in the first case and as an absolute tolerance angle 
in the second case. 

Moreover, it is possible to display the cross-section on the screen 

0 (Fig. 3) and, by providing a window, to indicate the parts 18 of the relevant 
transition faces to which a specific color code is to be added. 

By adding a color code in the STL files of the model, this is described in 
CTL (colored triangulation language). A CAD model in CTL can be supplied 
to a CAM system for designing a die, after which the products can be 

5 manufactured by means of a correspondingly realized die by injection 

molding, in which connection the color in which specific parts of the product 
are to be molded must be considered. In the example shown in Fig. 1, for 
instance, the block can be formed in one die half and the letter T in the 
other die half. By introducing a white plastic of for instance ABS 

0 (acrylonitrile-butadiene-styrene copolymer) into the die from one die half 
and, if this is sufficiently hardened, a red plastic of for instance PC 
(polycarbonate) from the other die half, a product sprayed in two colors can 
be obtained. The die, however, must then be designed in an appropriate 
manner. 

5 In order to be able to manufacture a product in a technique adding 

material in layers, a model shown in CTL is insufficient. In fact, the wall 
thickness of the face parts which together set up the model is zero; such a 
model is further indicated as shell model. This shell model must be 
converted into a volumetric model. 
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After the face parts to be given a specific color have been selected, a 
conversion of the shell model built up by the common face parts into a 
volumetric model must take place. Successively shown in Figs. 4A-4C are a 
shell model of a cube-shaped object, a solid element model thereof and a 
5 solid element shell model of this object. Assuming the face parts formed by 
the four upright sides have been given the color codes blue (Bl), red (Re), 
green (Gr) and yellow (Ye), then the model 4A described in CTL must be 
converted into a volumetric model, that is to say in either the solid element 
model 4B or the solid element shell model 4C. In fact, a so-called "slice" can 
10 be made from these models 4B and 4C, that is to say a layer having an 

indicated thickness. The product can then be built up in a manner known 
for techniques adding material in layers by providing layers 19 on each 
other (Fig. 4C), while the different parts of each layer are provided in the 
indicated color. 

1 5 The method in which a model in STL is converted into CTL, and if 

required subsequently into a volumetric model, is realized by means of a 
program appropriate therefor. The algorithm must then be such that the 
faces to be extruded do not intersect each other. In Fig. 5A three triangles 
are shown in CTL. If a solid element shell model is made therefrom without 

20 anything more, a product as shown in Fig. 5B will be obtained. Corrections 
in the algorithm must ensure that a model as shown in Fig. 5C is obtained. 
Of course, other corrections can also be made, if so desired. 

The invention is not limited to the exemplary embodiments described 
herein with reference to the Figures, but comprises all kinds of 

2 5 modifications thereof, of course as far as falling within the scope of 
protection of the appended claims. 

Thus, for instance, it is possible that the codes to be added to the model 
in STL not only relate to the color of selected face parts, but also to other 
specific properties or to combinations of specific properties, as already 

30 mentioned before. Thus, for instance, the upright red and yellow side faces 
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of the solid clement shell model shown in Fig. 4C can he manufactured from 
a harder plastic than the blue and green upright side faces. 

The method described herein is realized by means of computer 
programs specifically directed to selecting from the basic figures a face part 
5 composed of coherent basic figures and adding to that face part at least one 
specific property, which during the manufacture of the product is to be 
given to the part thereof that comprises the above face part, and optionally 
repeating these process steps for other face parts to be selected, or to 
converting the model information then relating to a shell model into model 
1 o information relating to a volumetric model. 
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CLAIMS 

1. A method for manufacturing a product having locally specific 
properties, the geometric form of which is described by a collection of 
polygonal basic figures, in particular in STL (structural triangulation 
language), which method comprises the following steps: selecting from the 

5 above basic figures a face part composed of coherent basic figures, adding to 
that face part at least one specific property, which during the manufacture 
of the product is to be given to the part thereof that comprises the above 
face part, optionally repeating the above process steps for other face parts to 
be selected, and manufacturing the product on the basis of the then 
10 obtained model information by means of a technique adding material in 
layers or in a die molding process, which includes giving the associated 
specific property during the building up in layers of at least the part of the 
product that comprises the above face part or during the injection molding. 

2. A method according to claim 1, characterized in that, after one or more 
15 specific properties have been given to one or more selected face parts, the 

model information then relating to a shell model is converted into model 
information relating to a volumetric model, after which on the basis of the 
latter information the product is manufactured by means of a technique 
adding material in layers. 

20 3. A method according to claim 1 or 2, characterized in that selecting face 
parts occurs by displaying the geometric form of the product on the screen of 
a monitor belonging to a computer, indicating a polygonal basic figure on 
the monitor, after which all these basic figures are combined with the 
indicated basic figure to a face part, the normal vectors of which mutually or 

2 5 relative to the normal vector of the indicated basic figure do not exceed a 
preset angular difference. 
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4. A method according to any one of the preceding claims, characterized 
in that adding specific properties to the face parts occurs by selecting a code 
from the specific properties stored in code in the memory of a computer and 
adding them to file data belonging to the selected face parts. 
5 5. A method according to claim 4, characterized in that the specific 

properties can be one or more of the following properties: the color of a face 
part, the physical properties of a face part, such as the material 
composition, and the indication of the part of a product that is to be 
manufactured in a specific die half. 
10 6. A method according to claim 4 or 5, characterized in that the above 
code is stored for each of the basic figures in the memory of the computer. 

7. A method according to any one of claims 4-6, in which the basic figures 
consist of triangles in STL, characterized in that the code is stored for each 
of the triangles in the memory space available in the STL file of each 

15 triangle. 

8. A method according to claim 7, characterized in that 2 15 color codes can 
be stored in the memory space available in the STL file of each triangle. 

9. A computer program for manufacturing a product having locally 
specific properties, the geometric form of which is described by a collection 

20 of polygonal basic figures, in particular in STL (structural triangulation 

language), which program comprises the following steps: selecting from the 
above basic figures a face part composed of coherent basic figures and 
adding to that face part at least one specific property, which during the 
manufacture of the product is to be given to the part thereof that comprises 

2 5 the above face part, optionally repeating the above process steps for other 
face parts to be selected. 

10. A computer program according to claim 9, characterized in that in this 
program, after one or more specific properties have been given to one or 
more selected face parts, the model information then relating to a shell 

30 model is converted into model information relating to a volumetric model, 
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after which on the basis of the latter information the product can be 
manufactured by means of a technique adding material in layers. 
11. A computer program used during the manufacture of a product having 
locally specific properties, the geometric form of which is described by a 
5 collection of polygonal basic figures, in particular in STL (structural 

triangulation language), which computer system uses a program according 
to claim 9 or 10. 
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0 (54) Title: METHOD FOR MANUFACTURING A PRODUCT HAVING LOCALLY SPECIFIC PROPERTIES 
i-H 

J£ (57) Abstract: A method for manufacturing a product having locally specific properties, the geometric form of which is described 
by a collection of polygonal basic figures, in particular in STL (structural triangulation language), comprises the following steps: 
selecting from the above basic figures a face pan composed of coherent basic figures, adding to that face part at least one specific 

^ property, which during the manufacture of the product is to be given to the pan thereof that comprises the above face part, optionally 
repeating the above process steps for other face pans to be selected, and manufacturing the product on the basis of the then obtained 

^ model information by means of a technique adding material in layers or in a die molding process, which includes giving the associated 

^ specific property during the building up in layers of at least the pan of the product that comprises the above face part or during the 

^ injection molding. 



INTERNATIONAL SEARCH REPORT 



Inte' ♦onal Application No 

PCI/NL 00/00786 



i. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G06T17/00 



---corona to iniemattonai Patent Classilication ilPC\ or 10 nom national ciasgmcation and IPC 



5. FIELDS SEARCHED 



•.•inimuin ao'-umentation searcnea ictassiticaiion svsiem iouo*eo dv ctasstiication svmootsi 

IPC 7 . G06T 



cumemai.on 



searcneu oinfif man minimum uocmnenianon |... tne exiem ir.ai sucn oocumenis am mciuueo m tne neias searcnea 



^.idionic aaia oase conswiea during me inlernanonai searcn ,name or oaia ease ana. wnere practical searcn lerms useai 

EPO-Internal, WPI Data, PAJ. INSPEC. IBM-TDB 



Z. DOCUMENTS CONSIDERED TO BE RELEVANT 



". steaorv • • Cuaiion oi oocumem. witn inoicauon where aoeropnaie oi m* rturvani passages 



Relevant lo claim No. 



US 5 768 134 A (VANCRAEN WILFRIED ET AL) 

16 June 1998 (1998-06-16) 

column 5. line 28 - line 43: claims 1,5,10 

EP 0 535 984 A (SPECTRA GROUP LTD INC) 

7 April 1993 (1993-04-07) 

column 2. line 11 -column 3, line 50 

US 5 776 409 A (ALM0UIST THOMAS A ET AL) 

7 July 1998 (1998-07-07) 

column 2. line 54 -column 3, line 8 



1.3-7.9, 
11 



1-11 



1-11 



□ 



Funner oocumenis are listed in the conlinuanon oi oox 



Paienl tamilv memners are nsied in annex 



Special categories oi citeo oocumenis 

A" document defining ine general siale of ine an wmcn is no: 

:onsiaereo lo De ot particular relevance 
'£• earner oocumem bul puoiisnea on or aner ine international 

tiling date 

'I' oocumem which mav tnrnw Oouots on pnontv ciaimisi or 
.vnicn is cued 10 estapusn ine puoiicaiion date oi another • 
:nation or oiner soeciai reason ias specmedi 
document reternng to an oral disclosure, use. exhibition or 
■tiner means 

'P' document published prior 10 me intemaiional tiling oaie Dui 
:ater tr.an ine pnontv oaie claimed 



later oocumem pubiisned aner tne international hung date 
or pnontv date and not in connict with tne application out 
citeo to understand tne principle or tneorv unouriving the 
invention 

document oi particular relevance tnectarmed invennon 
cannot be considerea novel or cannot oe consioerea to 
mvoive an inventive sieo wnen ine oocumem ts taKen alone 

document ol particular relevance ine claimeo invention 
cannot oe consioerea lo mvoive an inventive step wnen the 
oocumem is comoinea with one o: more omer such docu- 
ments, sucn comDination oeing oovious lo a person skilled 
in the an 

aocument memoer ol tne same oatent lamilv 



^.ate o» ine actual completion oi ine international searcn 



10 April 2001 



Dale oi mailing ol the international searcn report 



27/04/2001 



'.ame ana rvamna address ot ine ISA 

European Paient umce. PB Sam Patent iaar. / 
NL - 2280 HV Rijswt|k 
Tel u3.-"r» 3-JO-2040 Tx 3i6MeK.n1 
Fax: l+3t-70i 340-3016 



Autnomeo onicer 



Perez Molina. E 



INTERNATIONAL SEARCH REPORT 

■formation on patent family members 



inte*- ''ona! Application No 

PCi/NL 00/00786 



Patent document 
cited in searcn reoort 


Publication ! 
date | 




^aieni tamuv 
memDens. 




date 


US 5768134 A- 


16-06-1998 


BE 


1008372 


A 


02-04-1996 




AT 


169418 


T 


15-08-1998 






AU 


677906 


B 


08-05-1997 






AU 


2250295 


A 


10-11-1995 






WO 


9528688 


A 


26-10-1995 






CA 


2188469 


A 


26-10-1995 






DE 


69503893 


D 


10-09-1998 | 






DE 


69503893 


T 


01-04-1999 






EP 


0756735 


A 


05-02-1997 



EP 0535984 A 07-04-1993 



US 5776409 A 07-07-1998 



AT 


170008 


T 


1 r r\ r\ i a A O 

15-09-1998 


DE 


69226686 


D 


i~\ » a a i a a A 

24-09-1998 


DE 


69226686 T 


15-04-1999 


DK 


535984 


T 


28-06-1999 


ES 


2121826 


T 


16-12-1998 


JP 


5212806 


A 


24-08-1993 


US 


5514519 


A 


07-05-1996 


US 


5677107 


A 


14-10-1997 


US 


5942370 


A 


24-08-1999 


US 


5501824 


A 


26-03-1996 


US 


5345391 


A 


06-09-1994 


US 


5184307 


A 


ry r\ O O ^ r\ n O 

02-02-1993 


US 


5059359 


A 


o o "i o t a A 1 

22-10-1991 


US 


5141680 


A 


or no i a a o 

25-08-1992 


US 


6027682 


A 


OO AO OAAA 

22-02-2000 


US 


5695707 


A 


OA TO 1 AAT 

09-12-1997 


US 


5676904 


A 


14-10-199/ 


US 


5569349 


A 


oa in inn£ 

29-10-1996 


us 


5672312 


A 


ta n a inn? 

30-09-199/ 


us 


5870307 


A 


AA AO 1 A A A 

09-02-1999 


AT 


154778 


T 


1C A"7 1 A A "7 

15-07-199/ 


CA 


1338521 


A 


10 ao mri£ 

13-08-1990 


DE 


68928141 


D 


31-0/-199/ 


DE 


68928141 


T 


aa in inn"7 

09-10-199/ 


DE 


354637 


T 


27-06-1996 


EP 


0354637 


A 


14-02-1990 


EP 


0745474 


A 


f\ A no 1 O. O ^ 

04-12-1996 


HK 


1001678 


A 


OO A ^ 1 A A O 

03-07-1998 


IL 


89980 


A 


18-08-1993 


JP 


2000015706 


A 


18-01-2000 


JP 


3004667 


B 


31-01-2000 


JP 


4505588 


T 


01-10-1992 


KR 


229580 


B 


15-11-1999 


KR 


257034 


B 


01-06-2000 


US 


6036911 


A 


14-03-2000 


WO 


8910256 


A 


02-11-1989 


US 


5609812 


A 


11-03-1997 


US 


5481470 


A 


02-01-1996 


US 


5130064 


A 


14-07-1992 


US 


5182056 


A 


26-01-1993 


US 


5711911 


A 


27-01-1998 


US 


5609813 


A 


11-03-1997 


US 


5854748 


A 


29-12-1998 


us 


5321622 


A 


14-06-1994 


us 


5182055 


A 


26-01-1993 


us 


5256340 


A 


26-10-1993 


AT 


160968 


T 


15-12-1997 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

itormation on patent family members 



InU -onal Application No 

PCT/NL 00/00786 



Patent document 
cited in search report 



Publication 
date 



Patent family 
memberts) 



Publication 
date 



US 5776409 



AT 


135622 T 


15- 


•04- 


•1996 


CA 


1334052 A 


24- 


•01- 


•1995 


CA 


1339751 A 


1/- 


•Uj- 


.1 ooo 

•iyyo 


DE 


8916157 U 


05- 


-05- 


•1994 


DE 


68925989 D 


25- 


-04- 


•1996 


DE 


68928485 D 


22- 


-01- 


•1998 


DE 


68928485 T 


02- 


-07- 


-1998 


DE 


375097 T 


29- 


-02- 


-1996 


DE 


338751 T 


04- 


-01- 


-1996 


EP 


0375097 A 


27- 


-06- 


■1990 


EP 


0338751 A 


25- 


-10- 


-1989 


EP 


0686480 A 


13- 


-12- 


-1995 



- -rm PC7lSA'2»u .poteni umiiv ar^e* 



page 2 of 2 



